Purpose
Understanding the volumetric values of eyeball and changes with age and gender will provide us to solve serious clinical implications. This study aimed to examine the total orbital volume(TOV) and total orbital fat-expansion(TOFE) in normal people with three different age groups and to find the correlation of these measurements due to age, gender and body parametersby MRI.
Methods and materials
Subjects: Ethical clearance for the present study was obtained. A retrospective review was undertaken in our radiology department. Subjects were selected from the patients who were referred to our radiology department in last 3 years for cranial or orbital MRI for various reasons. Patients with a history of previous surgery, trauma or infection of ocular, orbital or periorbital structures, and who had any refractive errors were excluded to rule out potential effects on measurements. Total of 1453 subjects were selected and grouped into three age intervals: 481 subjects in their 20s (240 males and 241 females), 521 subjects in their 40s (253 males and 268 females) and 451 subjects in their 60s (212 males and 239 females). Table 1 shows mean/standard deviations and ranges of ages for each group.
Image Acquisition: All MR examinations were performed on a whole body 1.5 T unit (Magnetom Symphony, Siemens, Germany, 2007) by using a 16-channel sensitivity encoding (SENSE) head coil. T1-weighted (T1W) axial and sagittal images were analyzed. The imaging parameters for T1W-turbo spin echo (TSE) slices were obtained with the following parameters: 114 ms/3810 ms/1 (repetition time Volumetry: For the determination of TOV in axial slices; the posterior boundary of the orbit was defined as the crossing line of the medial and lateral walls of the optic foramen. The anterior boundary of the orbit was defined as the line that connects the two end points of the front medial and lateral walls which lies down the cornea (figure 1). After assignment of the region of interest (ROI), and the area of the ROI multiplied by slice thickness, TOV was calculated by summing these volumes in each slice in T1-weighted axial images.
Since the orbital cavity volume inside the bony orbit includes the eyeball, orbital muscles and orbital fatty tissues; to find the TOFE, the eyeball volume and orbital muscle volumes was subtracted from the TOV and the difference recorded as the TOFE. In order to do this, medial rectus muscle (MRM), inferior rectus muscle (IRM), lateral rectus muscle (LRM), superior rectus-levator palpebrae superioris muscle complex (SRM-LPSM) and superior oblique muscle (SOM) volumes were measured in T1-weighted coronal images by summing the cross-sectional areas in every section and multiplying by the image plane thickness, as Detorakis et al. have described [10, 11] (figure 2).
Data Analysis:
The clinical information's (age, gender, height and weight) of subjects were collected. Continuous variables were expressed as the mean ± 1 SD. To investigate the effect of age and gender on the TOV and TOFE, the two-way analysis of variance (ANOVA) was employed using SPSS software (version 15.0), in which age and gender (with two levels) were used as two independent variables. A multiple regression analysis was performed to determine the effect of the body parameters (height and weight) on the change in TOV and TOFE with respect to age and gender. The p values less than 0.05 were considered to be statistically significant. 
Results
The average TOV for subjects in their 20s, 40s and 60s were 21 . These results are shown in table 2. As shown in tables 2 and 3, the average TOV of men was significantly greater than that of women (p <0.001), and the average TOV of all subjects in their 20s also was greater than that of subjects in their 40s and 60s (p <0.001). There was no significant difference between the right and left orbital volumes for either men or women. As shown in table 3 and figure 3 , there was an interactive effect between age and gender (p <0.01): as age increased, the TOV of women decreased more rapidly than that of men. While both weight and height showed positive correlation with TOV in male and female subjects in their 20s and 40s, only weight showed a positive correlation with TOV in female subjects in their 60s. The effect of the body parameters (height and weight) on the change in TOV with respect to age and gender is shown in . These results are shown in table 5. As shown in tables 5 and 6, the average TOFE of women was significantly greater than that of men (p <0.001), and the average TOFE of all subjects in their 60s was also greater than that of subjects in their 20s and 40s (p <0.001). There was no significant difference between the right and left orbital volumes for either men or women. As shown in table 6 and figure 4, there was an interactive effect between age and gender (p <0.01): as age increased, the TOFE of women increased more rapidly than that of men. In all groups, according to body parameters TOFE showed a positive correlation with weight, but there was no significant correlation with height, as shown in table 7 . Statistical values confirm that as age increases TOV decreases and TOFE increases; but correlations of these volumetric parameters was statistically not significant (Pearson's bivariate correlation coefficient 0.58, p=0.02). 
Conclusion
The orbit is a limited anatomical structure filled with eyeball, non-compressible fluid and orbital cavity soft tissues. Chau et al. [3, 4] reported that MRI provided more accurate results than CT in orbital and eyeball volume measurements and that average orbital volume was 20.9 cm 3 in Asian population, and Forbes [12] pointed an upper limit of 30.1 cm 3 for normal bony orbit. In literature, the average orbital volumetric changes with respect to gender are controversial. Some found larger orbital volumes in men than women [3, 13] , while others [12] found no statistical significance. We found that average TOV was larger in men than women. In our study we found that there was an interactive effect between age and gender: as age increased, the TOV of women decreased more rapidly than that of men. It was reported that orbital size is well associated with bone size of whole body skeleton as a result of growth pattern, and with skull length as well [3, 5] . Since the bony elements decreases with age in whole body, [14] as a result, orbital angles decreases with age similar to axial skeleton [15, 16] ; the muscle activities slow down as age increases, the decrement of TOV will not be a surprise. The decrement was larger in women in our study and this may be correlated with hormonal changes in postmenopausal period. According to changes in TOV considering the body parameters, we found both positive correlations between weight and height and TOV in male and female subjects in their 20s and 40s. Since the orbital volume has a relationship with bony elements, Shaw et al. [16] pointed that orbital bony changes are similar to axial skeleton. Kirchengast et al. [17] emphasized that a lower weight status and a low amount of lean body mass can be assumed to be associated with increased bone loss, and Gracia-Marco et al. [18] stated that adolescents with low level of fitness show lower bone mineral content. Therefore, it can be concluded that the orbital volume has a positive correlation with weight as well as height. On the other hand, in the present study only weight showed a positive correlation with TOV in female subjects in their 60s. Kirchengast et al. [17] suggested that the absolute fat mass had a significant impact on bone mineral density in the females, due to the reduced conversion rates from androgens to estrogens in a low amount of fat tissue. Since high amount of fat tissue was especially found in elderly women, this can explain our results, but further studies based on physiological and biological analysis are needed to give more explanation. TOFE is an important indicator of eye movements, eyelid configuration and function. It is known that loss of TOFE due to any reason causes eyelid retraction or proptosis that needs reconstruction for functional anatomy and aesthetic facial appearance. In several studies [19, 20] orbital fat volume augmentation is discussed to find a solution. In our study average TOFE of women was significantly greater than that of men. Additionally, the average TOFE increased as age increased. This is in contrast with the speculation of Ahmadi et al. [21] that the orbital adipocytes undergo atrophy with advancing age.The significant correlation of age with TOFE may be attributed to relative decrease in muscular bulk and volume of the globe itself with increasing age [22, 23] . Although our study revealed an incerase in TOFE and a decrease in TOV with respect to age, there was no statistically significant correlation between TOFE and TOV changes, which should be further investigated. There was a positive interactive effect with age and gender regarding that as age increased, the TOFE of women increased more rapidly than that of men and TOFE showed a positive correlation with weight. We suggest that with increment of weight, as the overall fatty tissues shows an abnormal distribution in whole body, this affects the TOFE values. After hormonal changes in postmenopausal period, the abnormal increment of fatty tissues in women can explain our results. Further studies based on body mass indexes are needed to support our hypothesis. To conclude; our findings provide basic information about orbital volume changes due to gender and body parameters and may help us to solve serious clinical implications, such as studying the mechanisms of exophthalmos in Graves' orbitopathy, planning orbital decompression or orbital reconstruction following fractures, or size of orbital implants following enucleation.
